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Table 2. Parameters nd calibration results f rtran ducers 
Model 5 O TA I O 88BIO 1200TA3 5205MS 200B5S 
(a) 
Frequency (kHz) 50 
D i ame t.er (mm) I ) 5 1 
















IP (sr) 2) O. 2203 
Approximated value 
(~) * (sr) O. 2200 
Measured value 
(P . (sr) O. 2131 
(P ./ ~) , O. 969 









. 0414 O. 
. 0414 O. 














(' ) e -3dB 34. 4 ~ -3 dB Q' 2810 tp ,/ ~ - O. 783 8dB 
(c) Beam width 
11. O 15. O O. 0289 O. 0537 












SL (dB) 187. O ME (dB) -181.1 RG (dB) 19. 1 SL+ME+RG(dB) 25.0 
r (m) 2. 7 SS (dB) O 
(d) Measurement condition3) 















Calibrated value TP (dB) 18. O 
Reference TP (dB) *) 18. 3 
(e) Overall calibration 
19. O 19. 4 19 







*) erived comparing measured beam pattern with 
pattern. =) a.lculated by Eq. (12)and Eq. (A1). 
3) L,ME, RG a~d r are measured by hydrophone(Oki 
tank. 
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char echo[256] ; 
echobuf = 256; 
*fstream ; 
f name [15] ; 
drive = ; 
main ( ) 
{ 
int clr [8] 
int xmin = 
= (80-28)*8-1, xmax 
xwidth ~ xmax - xmin, 
= 16 * 2'+ 8, ymin 
ywidth = '- 250 , 
ymax = ymin + ywidth; 
int range 
5, rangemm = 
1000 , rangemax = 
O; rangeO = int emax * int pingnumb 
int gateupper= 












f key ; 
past 



















samp l_m in ; 
_setvideomode (_98RESSCOLOR) ; 
_clearscreen (_GCLEARSCREEN ) ; 
printf("Yxlb*") ; printf("~xlb[>51") ; 
printf("~xlb[23;25HMono(M) or Color(O ? M~b" ) ;
while(!kbhit()); cmode = getch() ; 
if(cmode == 'c') cmode = 'C'; 
' l" if(cmode I 'C ) cmode = ,'* ; 
pr intf ( "~x lb*" ) ; 
printf("~xlb[23; 10HRemove system floppy and set data floppies, 
then push any key") ; 
while(!kbhitO); getch(); 




printf("~xlb[23;10HNormal input(N) , Interval input(1) , 
Replay(R) or Finish(F) ? N~b"); 
whlle( IkbhitO) ; mode = getch() ; 
,', if(mode == 'i') mode = * ; 
if(mode == 'r') mode = 'R'; 
If(mode == 'f') mode = 'F'; 
If(mode == 'F') {printf("~xlb[>51") ; exit();} 
if(mode != 'I' ~& mode f 'R') mode 'N' 
printf ("~xlb*") ; printf ("yxlb [>5h") ; 
if(mode == 'N') 
{ 
depthscale(range, xmax, ymin, ywidth); 
colorscale(cmode, clr , xmax, ymin, emax); 
gateup(xmax, ymin, &gateupper, gatewidth) ; 
gatedw(xmax, ymin, &gateupper, gatewidth) ; 
ADCINT(echo, echobuf, &range) ; 
past = -1; 
setfkey (mode) ; 
/*diskfree ( ) ; *l 
whi le ( 1) 
{ 
ADC( ) ; 
pingnumb = echo[2] + (echo[3] <( 8) 
printf("~xlb[1;%dll%8u", xpos, pingnumb) ; 
if (dmode) 
{ 
plotecho(xmak, ymin, clr) ; 
timemark(range, xmax, ymin, &past); 
SCROLL(xmin, xmax, ymin, ymax + 6): 
SCROLL(xmin, xmax + 17, ymin - 20, 
n - 7); 
if(amode) ascop(mode, xmax, ymin, 






















































































































































































if(mode == 'R') 
{ 
depthscale(range, xmax, ymin, ywidth); 
colorscale(cmode, clr , xmax, ymin, emax); 
gateup (xmax, ymin, &gateupper, gatewidth) ; 
gatedw(xmax, ymin, &gateupper, gatewidth) ; 
past = -1; 
setfkey(mode) ; 
while((i = fselbctO) >= O) 
{ 
open load ( ) ; 
while(loaddataO == O) 
{ 
pingnumb = eoho[2] + (echo[3] << 8) ; 




range = echo[O] + (echo[1] 
<< 8) ; 
if (range != rangeO) 
{ 
de pthscale ( range , 
width) ; 
rangeO = range; 
} 
plotecho(xmax, ymin, clr) ; 
ti~lelnark(range, xmax, y~lin, 
&past) ; 
SCROLL(xmin, xmax, ymin, y 
max + 6); 
SCROLL(xmin, xmax + i7, ym 
O, ymin - 7); 
if(amode) aseop(~lode, xmax , 
upper, gatewidth, range, emax) ; 
} 
getf key (&f key) : 
switch(fkey) ' 
{ 
case 1: saveoff(&fmode); 
tf("~xlb[>51") ; exitO ; 
case 2 : saveoff (&fmode); -1 ; break; 
ymin, gate 
prin 
xmax, ymin, y 
in - 2 
case 5: displayon(&dmode) 
case 6: displayoff(&dm.ode) 
case 7: gatedw(xmax, ymin, 
ateup per, 






fcloseall () ; 





cont inue ; 
cont inue ; 








dep thsca I e ( range , 
int range, 
{ 
int n = de pth 
ddepth = range 
dy = width 















y = ymin - 8; 
for (depth = O; depth <= range; 
{ 
x = xmax; 
Jgputchar(x, y, '-' 
x = x + 8; 
n = depth; 
if (depth >= 100) Jgputchar(x, 
else J~putchar(x, y, ' ' 
x = x + 8; 
n = n % 100; 
if (depth >= 10) _gputchar(x, 
else Jgputchar(x, y, " ' 
x = x + 8; 
n = n % 10; 
~putchar(x, y, n + 
y = y + dy; 
} 
y = y - dy + 16; 
Jgputchar(x, y, 'm' 
= depth 
, _GPSET); 
y, n / lOO 





+ Ox30, _GPSET); 
_GPSET) ; 















































































































































































































clr[O] = O; clr[1] = 1; clr[2] = 4; clr[3] = 5; 
clr[4] = 2; clr[5] = 3; clr[6] = 6; clr[7] = 7; 
} 
x = xmax + 8 * 6; y = ymin - 17 
for(c = O; c < 8; c++) 
{ 
_setco lor (clr [c] ) ; 
_rectangle(_GFILLINTERIOR, x, y, x + 16 y + 16) 
x = x + 16; 
J 
x = xmax + 8 * 6; 
_setcolor (7) ; 
_rectangle(_GBORDER, x - 1, y, x + 16 * 8, y + 16); 
x = xrmax + 8 * 6 - 4; y = y - 16; 
~putchar(x, y, 'O', _GPSET); 
x = x + 8 * 16 - 8; 
~putchar(x, y, emax + 48, _GPSET); x= x + 8; 
~putchar(x, y, 'V', _GPSET); 
x = xmax + 8 * 6 - 1; 
}_moveto(x, ymin) ;$_lineto(x, ynlin + echobuf) ; 
ascop(mode, xmax, ymin, gateupper, gatewidth, range, emax] 
int mode, xmax, ymin, gateupper, gatewidth, range, emax: 
{ 
int i, e, x, y, xO, x8, xx; 
int max, imax, yu, yl; 
float v, depth; 
xO = xmax + 48; x8 = xO +128; xx = xO; 
max = O; imax = O; 
for(i = O, y = ymin 
{ 
; i< echobuf; i++, y++) 
_setcolor(O); _moveto(xO, y); _1ineto(x8, y); 
e = echo[i] ; 
if(e < O) e = O;, else if(e > 255) e = 255; 
x = xO + (e >> 1); 
_setcolor(7); _moveto(.xx, y); _1ineto(x, y); 
xx = x; 
if(gateupper <= y && y <= (gateupper + gatewidth)) 
{ 
if(e > max) 
{ 
max = e; 




yu =(gateupper >> 4) + 1; 
yl = yu + (gatewidth >> 4) ; 
x = (xmax >> 3) + 24; 
v = (float)nlax / 256. * (float)emax; 
depth = (float)i~ax * (float)range / 250. ; 
prmtf("~xlb[%2d %2dH%4 2fV", yu, x, v); 
if(range < 100) 
printf("~xlb[%2d;%2dH%4.Ifm", yl, x, depth) ; 
else 





int year, mont, date, hour, mint; 
*fmode = 1; 
fnameLO] = drive + ox40; 
fname[1] = ':'; 
year = echo[4] ; fhame[2] = year % 10 + Ox30; 
mont = echo[5] ; fname [3] = mont + Ox30; if(mont >= 10) fname[3] = fname[3] + 7 
date = echo[6] ; fname [4] = date / 10 + Ox30; fname[5] = date % 10 
+ Ox30; 
hour = echo[7] ; fname[6] = hour / Io + Ox30; fname[7] = hour % 10 
+ ox30; 
mint = echo[8] ; fname[8] = mint / 10 + Ox30; fname[9] = mint % 10 
+ Ox30; 
, ,. fname[10] = . 
'h' fname[11] = . ; 
fname[12] = ^ , 'A'.
fname[13] = * ; 'T' 
fname[14] = 'YO'; 
if((fstream = fopen(fname "wb")) NuLL) 
{ 
printf("~xlb[5; IH%s can't open for output", fname) ; 
exit(9) ; pr intf (!'~xlb [>51") ; 
} 
printf("~xlb [24; 17H%s", fname) ; 
} 
saveof f ( f mode ) 
int *fmode ; 
{ 
*fmode = O; 
fcloseall () ; 
printf ( "~xlb [24; 17H ~xlb [23 ; IH") ; 
} 
sav edata ( ) 
{ 
int n; 
n = fwrite(echo. echobuf. 1. fstream); 
if(n != 1) 
{ 
f closeall ( ) ; 
if(drive == 1) drive = 2; 
else drive = l; 
saveon ( ) ; 
n = fwrite(echo. echobuf. 1. fstream) 
if(n != 1) 
{ 
fcloseall ( ) ; 
printf("~xlb[5; IH%s can' t save". fname) ; 
exitO ; printf ("yxlb[>51") ; 
} 
/*diskf ree ( ) ; *l 
} 
loaddata ( ) 
{ 
int endf; 
endf = feof(fstream) ; 
if(endf == O) fread(echo. echobuf. 1. fstream) ; 
return ( endf ) ; 
} 
o penload ( ) 
{ 
if((fstream = fopen(fname. "rb")) == NULL) 
{ 
printf("~xlb[5;1H%s can't open for intput". fname) 
exit(9) ; printf("~xlb~>51") ; 
} 





*dmode = 1; 
_setvisualpage (O ) ; 
pr intf ( "Yxlb [10 ; 32H " ) ; 
} 
dis playof f(dmode) 
int *dmode; 
{ 
*dmode = O; 
_se tvi sualpage ( I ) ; 





*amode = 1; 
printf ("~xlb [iO ; 60H ") ; 
} 
ascopoff( amode, xmax, ymin) 
int *amode, xmax, ymin; 
{ 
int y, yy; 
*amode = O; 
_setcolor(O) ; 
_rectangle(_GFILLINTERIOR, xmax + 48, ymin, xmax + 176, ymin + echobuf) ; 
_setcolor(7) ; 
yy = (ymin >> 4); 
for (y = yy; y < yy + 17; y++) 
{ 
printf ("~xlb[%d;75u ", y) ; 
} 
printf ("~xlb [10; 60HA-SCOPe off") ; 
} 
gatedw(xmax, yrnin, gateupper, gatewidth) 
int xmax, ymin,*gateupper, gatewidth; 
{ 
int x, yu, yl; 
yu =(*gateupper >> 4) * 1; 
yl = yu + (gatewidth >> 4); 
if(yl <= ((ymin + 256) >> 4)) 
{ 
x = (xmax >> 3) + 8; 
printf("Yxlb[%2d;%2dH ", yu, x) ; 
printf("~xlb[%2d;%2dH ", yl, x); 
*gateupper = *gateupper + 16; 
yu = yu + 1; 
yl= yl + 1; 
printf ( "~xlb [%2d ; %2dH---- " --- p r intf ( "Yxlb [%2d ; %2dH---- " --- 
} 
} 
gateup(xmax, ymin, gateupper, gatewidth) 
int xmax, ymin,*gateupper, gatewidth; 
{ 
int x, yu, yl; 
yu =(*gateupper >> 4) + 1; 
yl= yu + ( gatewidth >> 4); 
if(yu >= ((ymin + 32)>> 4)) 
{ 
x = (xmax >> 3) + 8; 
printf ("~xlb[%2d;%2dll 
printf ( "~xl b [%2d ; %2dH 
", yu, x)' 
, 
", yl, x ; ) 
*gateupper = *gateupper - 16; 
yu = yu - 1; 
yl= yl - 1; 
printf("yxlb[%2d;%2dH----- --- , yu, x); ,, 










fnu~lb = -1 ; 
i, j, k ; 
file[50] [15] , temp[15] , driv[2] ; 
if(fnumb < O) 
{ 
i = O; 
if(_dos_findfirst("A:*.DAT", _A_NORMAL, &dat_file) == O) 
{ 
if(dat_file.size != O) 
strncpy(file[i], dat_file.name, 8); strcat(file[i], "A") 
i = i + 1; 
} 
while(_dos_findnext(&dat_file) == O) 
{ 
if(dat_file.size != O) 
{ 
strncpy(file[i] , dat_file.name, 8) 
strcat(file[i] , :'A") ; 




if(_dos_findfirst("B:*.DAT", _A_NORMAL, &dat_file) == O) 
{ 
if(dat_file.size != O) 
strncpy(flle[1] dat file name, 8); strcat (file'[i] , ~. ,; 
''D '' 1 
i = i + 1; 
} 
while(_dos_findnext(&dat_file) = O) 
{ 
if(dat_file.size != O) 
{ 
strncpy(file[i] , dat_file.name, 8) 
trcat(file[i] , *'B") ; 




for(j = O; j < 1 1 J++) 
{ 
for(k = j + 1; k < i; k++) 
{ 
if(strcmp(file[j], file[k]) < O) 
{ 
strcpy(temp , file[j]); 
strcpy(file[j] , file[k] ) ; 






for(j = O; j < I J++) 
{ 
strcpy(temp, file[j] ) ; 
strrev ( temp) ; 
strncpy(driv, te~iP, i); 
strcpy(temp, driv); 
strcat(temp, ":") ; 
strncat(temp, file[j] , 8); 
strcat(temp, ".DAT") ; 
strcpy(file[j] , temp) ; 
} 
fnumb = i; 
} 
fnumb = 
if (f numb 
else 
fnumb - 1; 
>= O) strcpy(fname, file[fnumb]: 
strcpy(fname, "No find file "); 
return (fnumb) ; 
} 
diskf ree ( ) 
{ 
struct diskfree_t drive; 
long bt; 
_dosJgetdiskfree (1, &drive) ; 
bt = drive.avail_clusters; 
bt = bt * drive.sectorsJ)er_cluster; 
bt = bt * drive.bytesJ)er_sector; 
printf ("~xlb [24; 62HA:%-7lu", bt) ; 
~los~etdiskfree (2, &drive) ; 
bt = dr ive . avai 1_c lus ters ; 
bt = bt * drive.sectorsJ)er_cluster; 
bt = bt * drive.bytesJ)er_sector; 





























































































































































































































































































































































































































































































AX , [BX] 





SI,7*2 ;~j~'j~7~~~~~~~:~~~ pagain . ;error return(AX=0) AX , O 
BX , CLK 
AX, CS: [BX+Sl] 
CS: [CLOCK] , AX 
BX.PLS 
AX.CS : [BX+S l] 
CS: [PULSEi . AX 
5, 10, 25, 50, 100, 250, 500 ; range(m) 
66, 131, 328, 655,1311,3277,6554 ; clock(2.4576MHz) 
8, 4, 2, 1, 1, 1, I ; pulse(clock) 
213, 213, 267, 267, 533,1333,2667 ; pulse(1lsec) 
L~ Jil~Vy y' ecf~ ~j~ ;~ ~ ~t)- y~~~ ~ h~250h' ,y F (D~~i~~ ~ ~ ~ 
GETDATE 
GETTIME 
BX . CS : [BUFADR] ; '1"y777h' V~ 
S I , CS : [RANGE] 
AX. [SI l 
[BX] ,AX 
BX,2 
AX.CS : [PNUHB] 
[BX] , AX 
BX , 2 
AL,CS : tYEAR] 
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Fig. A2b Measurement of ME
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A2c Measurement of SL+ME 
- 
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Table A1 
used 
. Parameters and 
in measurement 
calibration results of transducers 
Model 50TAIO 88BIO 1200TA3 5205MS 200B5S 
(a) Transducer sp cifications 
Frequency(kHz) 
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Nf 1930 Epson 386 Book-L 
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